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working unit. At least one hydraulically powered auxiliary
working unit 1s powered by a hydraulic pump. The engine
and an electric motor both provide power to the hydraulic
pump via a planetary gear set which sums the power mputs
from the engine and the electric motor. The pump speed of
the hydraulic pump 1s thereby decoupled from the engine

speed of the engine.
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METHOD TO DECOUPLE ENGINE SPEED
FROM HYDRAULIC PUMP SPEED
THROUGH AN ELECTRIC MOTOR DRIVEN
VARIATOR

FIELD OF THE DISCLOSURE

The present disclosure relates to work machines of the
type having a primary working unit driven by an engine and
having a hydraulically powered auxiliary working unit.

BACKGROUND

Work machines of this type may for example include
wheeled loaders, backhoes, skid steer machines, and other
machines in which the hydraulically powered auxiliary
working unit 1s capable of heavily loading the engine and
may be used simultaneously while accelerating or deceler-
ating the drive train of the machine.

In the example of a wheeled loader, the primary working,
unit may be the wheels which propel the wheeled loader
across a ground surface, and the hydraulically powered
auxiliary working unit may include the lhifting arm which
lifts a bucket or fork for engaging loads to be lifted, moved
and unloaded by the wheeled loader. Traditionally the
wheeled loader includes a hydraulic pump driven by the
engine to generate the hydraulic power for the hydraulically
powered auxiliary working unit. With such an arrangement,
if additional hydraulic power 1s needed the engine speed 1s
increased to increase the speed of the hydraulic pump and
thus increase the hydraulic power available to the auxiliary
working unit.

One disadvantage of such an arrangement 1s that the
engine speed necessary to provide the needed hydraulic
power may be higher than 1s currently needed to power the

primary working unit, thus leading to ineflicient operation of
the engine.

SUMMARY OF THE DISCLOSURE

The current disclosure provides improvements in the
construction and operation of work machines which allows
the speed of the hydraulic pump to be decoupled from the
engine speed, thus allowing for more eflicient engine opera-
tion.

In one embodiment a work machine may include an
engine, a primary working unit, and a drive train configured
to transmit power from the engine to the primary working,
unit. The work machine may include at least one hydrauli-
cally powered auxiliary working unit, and a hydraulic pump
configured to power the at least one hydraulically powered
auxiliary working unit. The work machine may include an
clectric motor and a planetary gear set. The planetary gear
set may include a first power input connected to the engine,
a second power mput connected to the electric motor, and a
power output connected to the hydraulic pump.

In another embodiment a method 1s provided of control-
ling such a work machine. The method may include steps of:

(a) providing a first power input to a planetary gear set

with the engine;

(b) providing a second power 1put to the planetary gear

set with the electric motor; and

(c) summing the first power mput and the second power

input with the planetary gear set and providing a power
output from the planetary gear set to the hydraulic

pup.
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2

Numerous objects, features and advantages of the
embodiments set forth herein will be readily apparent to
those skilled in the art upon reading of the following
disclosure when taken i1n conjunction with the accompany-
ing drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side elevation view of a work machine 1n the
form of a wheeled loader.

FIG. 2 1s a schematic illustration of a first embodiment of
the work machine of FIG. 1, wherein electrical power for the
clectric motor 1s provided by an electrical generator driven
by the transmission of the work machine.

FIG. 3 1s a schematic 1llustration of a second embodiment
of the work machine of FIG. 1, wherein electrical power for
the electric motor 1s provided by a battery carried by the
work machine.

FIG. 4 1s a schematic 1llustration of a planetary gear set.

FIG. 5 1s a schematic illustration of the planetary gear set
of FIG. 4 connected to the engine, the motor and the
hydraulic pump of the work machine of FIG. 1.

FIG. 6 1s a schematic 1llustration of the drive train of the
work machine of FIG. 1 including an eIVT transmaission.

FIG. 7 1s a schematic 1illustration of a controller for the
work machine and the associated inputs and outputs.

DETAILED DESCRIPTION

Referring now to the drawings and particularly to FIG. 1,
a work machine 1s shown in side elevation view and gen-
erally designated by the number 10. FIG. 1 shows a wheeled
loader machine 10. The systems disclosed herein are appli-
cable to wheeled loaders, backhoes, skid steer machines, and
other working machines of the type having a primary
working unit driven by the engine and having a hydrauli-
cally powered auxiliary working unit. The systems are
particularly useful with work machines in which the hydrau-
lically powered auxiliary working unit 1s capable of heavily
loading the engine and may be used simultaneously while
accelerating or decelerating the drive train of the machine.
In one embodiment each of the primary working unit and the
hydraulically powered auxiliary working umt may be
capable of fully loading the engine.

The work machine 10 includes an machine frame 12
supported from a ground surface 14 by front and rear ground
engaging units 16 and 18. The ground engaging units 16 and
18 1llustrated are wheeled ground engaging units, but 1t will
be understood that tracked ground engaging units may also
be used.

An engine 20, which may for example be a diesel pow-
ered internal combustion engine, 1s supported from the
machine frame 12. An operator’s cab 22 may be located on
the machine frame 12 1n front of the engine 20. A lifting arm
24 1s pivotally supported from the machine frame 12 at pivot
26, and hydraulic lifting cylinders 28 and 29 are connected
between the machine frame 12 and the lifting arm 24 for
pivoting the lifting arm 24 up and down about pivot 26. A
work implement 30, which may for example be a bucket or
a Tork, 1s pivotally attached to the lifting arm 24 at a second
pivot 32, and 1s pivoted relative to the lifting arm 24 by a
hydraulic pivot cylinder 34.

In operation the work machine 10 will engage various
loads with the work implement 30, 1ift the loads, transport
the loads across the ground surface to a second location, and
unload the loads. As 1s further shown schematically in FIGS.
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2 and 3, the engine 20 may provide a direct mechanical drive
to the ground engaging units 16, 18 via a drive train 36.

The drive train 36 may for example include a transmission
40, front axles 42 and rear axles 44. The front axles 42 may
drive front wheels 16. The rear axles 44 may drive rear
wheels 18. The transmission 40 1s configured to transmit
power from the engine 20 to the drive wheels at multiple
transmission ratios.

In the embodiment of the work machine 10 as a wheeled
loader, one or more of the front and rear ground engaging
units 16, 18 may be described as a primary working unit 19,
and the drive train 36 may be described as being configured
to transmit power from the engine 20 to the primary working,
unit 19 to propel the work machine 10 over the ground
surface 14.

In the embodiment of the work machine 10 as a wheeled
loader, the lifting arm 24, work mmplement 30, and the
associated hydraulic lift cylinders 28 and 29 and hydraulic
pivot cyvlinder 34 may be collectively referred to as a
hydraulically powered auxiliary working unit 46.

As 1s schematically illustrated i FIGS. 2, 3 and 7, a
hydraulic pump 48 provides hydraulic power to a hydraulic
system 50 which may power the hydraulically powered
auxiliary working unit 46 and other hydraulic components of
the work machine 10.

The work machine 10 may also include an electric motor
52. The present disclosure provides a system which com-
bines power inputs from the engine 20 and the electric motor
52 to power the hydraulic pump 48. The primary power
source may be the engine 20, and the electric motor 52 may
be used to provide additional power as needed so as to
control the power directed to the hydraulic pump 48 1n a
manner other than simply changing the speed of the engine
20. This decouples the pump speed of the hydraulic pump 48
from the engine speed of the engine 20. This combination of
power 1puts 1s achieved with a planetary gear set 34.

As schematically illustrated 1n FIG. 4, the planetary gear
set 34 includes a sun gear 56, a plurality of planet gears 58
connected to a carrier 60, and a ring gear 62. The planet
gears 38 engage the sun gear 56 and are movable around the
sun gear 56. The ring gear 62 surrounds and engages the
planet gears 56 and 1s rotatable around the planet gears 58
and the sun gear 56. As 1s further schematically 1llustrated 1n
FIG. 5, the engine 20 may be connected to the carrier 60 to
define a first power mput 64 schematically represented by
the arrow numbered 64. The electric motor 52 may be
connected to the sun gear 56 to define a second power 1nput
66 schematically represented by the arrow numbered 66.
The ring gear 62 may be connected to the hydraulic pump 48
to define a power output 68 schematically represented by the
arrow numbered 68.

The electric motor 52 driving the sun gear 56 functions as
a variator to adjust the power output 68 and thus adjust the
pump speed of the hydraulic pump 48.

As 1s Turther explained below the planetary gear set 54 1s
configured to sum the first power mput 64 from the engine
20 and the second power 1input 66 from the electric motor 52
to drive the hydraulic pump 48. As 1s further explained
below this allows a pump speed of the hydraulic pump 48 to
be controlled by controlling a motor speed of the electric
motor d2.

In the embodiment of FIG. 2 the transmission 40 may
drive an electrical power generator 72 to generate DC
clectric power. A power mverter 74 may convert the DC
power to AC power which 1s directed to the electric motor
52 which may be an AC powered electric motor. The DC
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4

power may also be drawn from a power bus associated with
the transmission 40, which as further explained below may
be an elVT transmission.

In the alternative embodiment of FIG. 3 the work machine
10 may include a battery 76, and DC electric power from
battery 76 may be passed through a power conversion device
78 which converts DC to AC power to drnive the electric
motor 52. The battery 76 may be recharged by reverse
operation of the electric motor 52. The power conversion
device 78 may be a bi-directional device. The power con-
version device 78 may also comprise parallel inverter and
rectifier channels so that DC power flowing from the battery
76 1s inverted to create AC power for the electric motor 52,
and so that AC power flowing from the motor 52 in reverse
operation 1s rectified for storage 1n battery 52.

In one embodiment the battery 76 may be sized similar to
that currently used 1n a hybrid car, where the battery 1s
expected to be recharged between periods of maximum
hydraulic demand. In another embodiment the battery 76
may be larger, similar to those currently used in plug-in
hybrid cars, and the battery may be sized to perform multiple
hydraulic operations without recharging between periods of
maximum hydraulic demand.

The transmission 40 may be an electronic infinitely vari-
able transmission (eIV'T) such as disclosed for example 1n
U.S. Patent Application Publication No. 2018/0149247 to
Rekow et al., the details of which are incorporated herein by
reference.

Referring now to FIG. 6, various components of the drive
train 36 are depicted. For example, the engine 20 may
provide mechanical power (e.g., via a rotating shaift) to the
transmission 40 which may be 1n the form of an eIVT. The
engine 20 may also provide mechanical power to an 1nfi-
nitely variable power (IVP) machine 80, which may include
one or more IVP machines (e.g., an electric motor and
generator, or hydrostatic machine having a hydrostatic
motor and associated pump). The transmission 40 may
additionally receive mechanical power from the IVP 80.

The transmission 40 may include various clutches 82 and
brakes 84, which may be controlled by various actuators 86.
The actuators 86, in turn, may be controlled by a transmis-
sion control unmit (*“I'CU”) 88 (or another controller), which
may receive various inputs from various sensors or devices
(not shown) via a CAN bus (not shown) of the work machine
10. The transmission 40 may include one or more output
shafts 89a, 895 for transmission of mechanical power from
the transmission 40 to various other components (e.g., a
differential drive shait). In certain embodiments, additional
gear sets (e.g., a set of range gears) may be interposed
between the transmission 40 and other parts of the work
machine 10 (e.g., a diflerential drive shaft). In certain
embodiments, the transmission 40 may also provide power

directly to other parts of the work machine 10 (e.g., via
direct drive shaft 895).

The Control System of FIG. 7

As schematically illustrated 1n FIG. 7, the work machine 10
includes a control system 90 including a controller 92. The
controller 92 may be part of the transmission control unit 88
of the transmission 40, or part of another machine controller
of the work machine 10, or it may be a separate control
module. In any event the controller 92 may work 1n coor-
dination with the transmission control unit 88, so that the
engine speed of the engine 20 1s set by transmission control
unit 88 based primarily upon the engine speed needed to
power the drnive train making up the primary working unit
19, and so that the controller 92 controls the motor speed of
clectric motor 52 to control the pump speed of the hydraulic
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pump 48 and thus the hydraulic power provided to the
hydraulic components making up the hydraulically powered
auxiliary working unit 46. The controller 92 may be
mounted 1n the operator’s cab 22 at a control panel.

The controller 92 1s configured to receive an 1mput signal
118 from a hydraulic systems control input 120 located at the
operator’s station 22. Control input 120 may for example be
a joystick control 120 for operating the lifting arm 24 and the
work implement 30. Typically, such a joystick control 120
may be pulled back or pushed forward to raise or lower the
lifting arm 24, respectively. The joystick control 120 may be
moved left or right to rotate the work implement 30 relative
to the lifting arm 24. Position sensors integrated in the
joystick control 120 generate the input signals 118 trans-
mitted to the controller 92. Algorithms contained in software
in the controller 92 can then determine the power needed by
the hydraulic system and the corresponding motor speed
needed for the electric motor 52 to provide the needed power
to the hydraulic pump 48.

The controller 92 will generate control signals such as
52C directed to the electric motor 52 to control the motor
speed.

The controller 92 will also generate control signals such
as 28C, 29C and 34C for controlling the operation of the
various hydraulic actuators, which control signals are 1ndi-
cated schematically in FIG. 7 by phantom lines connecting
the controller 92 to the various actuators with the arrow
indicating the flow of the command signal from the con-
troller 92 to the respective actuator. It will be understood that
the various actuators such as 28, 29 and 34 as disclosed
herein may be hydraulic piston-cylinder units and that the
clectronic control signals from the controller 92 will actually
be received by electro-hydraulic control valves associated
with the actuators and the electro-hydraulic control valves
will control the flow of hydraulic fluid to and from the
respective hydraulic actuators to control the actuation

thereol 1n response to the control signal from the controller

92.

The control signals 28C and 29C (see FIG. 7) sent to the
l1ft cylinders 28 and 29 cause the lift cylinders 28 and 29 to
extend or retract in response to the mput signals 118 from
joystick control 120 to raise and lower lifting arm 24.
Control signal 34C (see FIG. 4), sent to the pivot cylinder 34
controls the pivoting of work implement 30 relative to lifting
arm 24. The control signals are generated at least 1n part 1n
response to the input signals 118.

Controller 92 includes or may be associated with a
processor 94, a computer readable medium 96, a data base
98 and an input/output module or control panel 100 having
a display 102. An mput/output device 104, such as a key-
board, joystick or other user interface, 1s provided so that the
human operator may mput 1nstructions to the controller. The
111put/0utput device 104 may include the joystick control 120
discussed above. It 1s understood that the controller 92
described herein may be a single controller having all of the
described functionality, or 1t may include multiple control-
lers wherein the described functionality 1s distributed among
the multiple controllers.

Various operations, steps or algorithms as described in
connection with the controller 92 can be embodied directly
in hardware, 1n a computer program product 106 such as a
soltware module executed by the processor 94, or 1n a
combination of the two. The computer program product 106
can reside in RAM memory, flash memory, ROM memory,
EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, or any other form of computer-readable

medium 96 known in the art. An exemplary computer-
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readable medium 96 can be coupled to the processor 94 such
that the processor can read information from, and write
information to, the memory/storage medium. In the alterna-
tive, the medium can be integral to the processor. The
processor and the medium can reside 1n an application
specific integrated circuit (ASIC). The ASIC can reside 1n a
user terminal. In the alternative, the processor and the
medium can reside as discrete components 1n a user termi-
nal.

The term “processor” as used herein may refer to at least
general-purpose or specific-purpose processing devices and/
or logic as may be understood by one of skill i the art,
including but not limited to a microprocessor, a microcon-
troller, a state machine, and the like. A processor can also be
implemented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality of
MICroprocessors, One Or more miCroprocessors 1n conjunc-
tion with a DSP core, or any other such configuration.

In FIG. 7 the hydraulic fluid supply system 50 1s also
further schematically illustrated, including the previously
mentioned hydraulic pump 48. Pump 48 takes hydraulic
fluid from a tank 108 and provides pressurized hydraulic
fluid to hydraulic flmd supply line 110. Supply line 110 1s
connected to a first mnlet of each of the electro-hydraulic
direction and flow rate control valves 28V, 29V and 34V
associated first and second lift cylinders 28 and 29 and the
pivot cylinder 34.

The hydraulic flmd supply system 50 may include a
pressure relief valve 122 to control the pressure within the
hydraulic fluid supply system 350. Discharge from pressure
relief valve 122 flows back to tank 108 via return line 124.
The pressure relief valve 122 may be an adjustable valve
which 1s adjusted via a command signal 122C from the
controller 92.

Each of the valves 28V, 29V and 34V 1s shown as a three
position valve having a center position where there 1s no
flow through the valve, a left side position wherein fluid
flows to a first outlet port, and right side position wherein
fluid tlows to a second outlet port. The hydraulic fluid from
cach control valve flows to its respective hydraulic cylinder
in the selected direction. Return fluid from the hydraulic
cylinders tlows back through the respective control valve to
a return line 112 which returns the hydraulic fluid to tank
108.

Each of the valves 28V, 29V and 34V may be a propor-
tional control valve wherein 1 addition to controlling the
direction of flow, the valve controls the rate of flow of
hydraulic fluid, all 1n response to the control signals recerved
from the controller 92. Alternatively, each of the hydraulic
cylinders may have separate flow direction control valves
and flow rate control valves associated therewith.

It will be understood that the two valves 28V and 29V
may be combined into a single valve providing a split output
to the two hydraulic cylinders 28 and 29 so that those
cylinders are operated in tandem.

The operation of the work machine 10 may be generally
described as follows. The human operator will be directing
two operations that each may put substantial power demands
on the machine. The first operation, which has been referred
to 1n this disclosure as operation of a primary working unit
19 may for example be directing the motion of the work
machine 10 across the ground surface as propelled by the
front and rear wheels 16 and 18. This operation may be
directed by a throttle control manually operated by the
human operator. The transmission control unit 88 of the
elVT transmission 40 may, in response to that throttle
position, set the engine speed of engine 20 at a preferred
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speed for eflicient engine operation. The second operation,
which has been referred to 1n this disclosure as operation of

an auxiliary working unit 46, may for example be directing
the operation of the lifting arm 24 and work implement 30
via the hydraulic cylinders 28, 29 and 34. This second
operation may be directed by the joystick control 120
previously described. The controller 92 may, in response to
the mnput signals 118 from joystick control 120, set the motor
speed of the electric motor 52. The controller 92 may also
adjust the maximum hydraulic pressure within the hydraulic
supply system 50 by adjusting the relief valve 122. A turther
specific example of such operation 1s given below.

Example

The work machine 10 may be a wheel loader and the
planetary gear set 54 may include a sun gear 56 having
twenty teeth and a ring gear 62 having seventy teeth. This
planetary gear set may provide a speed ratio of -0.287 for
sun gear in, ring gear out, and carrier fixed. This planetary
gear set may provide a speed ratio of 1.287 for carrier 1n,
ring gear out, and sun gear fixed. The mput power from the
engine 10, mput power from the electric motor 52, and
output power to the hydraulic pump 48 under various
operating conditions 1s shown 1n the following tables.

Table I illustrates power flows when the hydraulic pump
48 1s on standby and the battery 76 1s not being charged. In
the tables negative “Power” numbers indicate power flowing
out of (1.e. being generated by) the designated component
and positive “Power” numbers indicate power flowing into
the designated component. Thus the “Power” of the electric
motor 52 1s a positive number 1f the electric motor 52 1s
functioning as a generator and 1s a negative number 11 the
clectric motor 1s functioming as a motor. The “Power” of the
engine 20 1s always a negative number and the “Power” of
the hydraulic pump 48 1s always a positive number.

Pump Standby, Not Charging

Speeds (rpm)  Torque (Nm) Power (kW)

Drivetrain Requesting Idle Engine Speed

Motor (Sun) 0 11 0.0
Engine (Carrier) 800 -51 -4.3
Pump (Ring) 1,029 40 4.3
Drivetrain Requesting Max Engine Speed
Motor (Sun) 1,000 11 1.2
Engine (Carrier) 1,900 -51 -10.2
Pump (Ring) 2,158 40 9.0

Table II illustrates power flows when the hydraulic pump
48 1s on standby and the battery 76 1s being charged. In this
example the engine 20 1s being driven at various engine
speeds as directed by the transmission control unit 88 to
provide the power needed to propel the work machine 10
over the ground surface. Excess power available from the
engine 1s used to charge the battery.

Pump Standbv, Charging

Speeds (rpm)  Torque (Nm) Power (kW)

Drivetrain Requesting Idle Engine Speed

Motor (Sun)
Engine (Carrier)

2,450
800

32
~144

8.2
-12.1
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-continued

Pump Standby, Charging

Speeds (rpm)  Torque (Nm) Power (kW)

327 112 3.8
Drivetrain Requesting Low Engine Speed

Pump (Ring)

Motor (Sun) 4,245 32 14.25
Engine (Carrier) 1,200 -144 -18.1
Pump (Ring) 327 112 3.8

Drivetrain Requesting Max Engine Speed
Below 35 kph

Motor (Sun) 5,592 32 18.8
Engine (Carrier) 1,500 -144 -22.6
Pump (Ring) 327 112 3.8

Drivetrain Requesting Max Engine Speed
at Max Transport Speed

Motor (Sun) 7,387 32 24.8
Engine (Carrier) 1,900 -144 -28.6
Pump (Ring) 327 112 3.8

Table 111 1llustrates power flows when the hydraulic pump
48 1s runming at maximum hydraulic power output and the
battery 76 1s discharging to power the electric motor 52. In
this example the engine 20 1s being driven at various engine
speeds as directed by the transmission control unit 88 to
provide the power needed to propel the work machine 10
over the ground surface. Simultaneously there 1s a substan-
tial power demand from the hydraulic system. That demand
1s met to the extent possible by the engine 20, and whatever
additional power 1s needed 1s provided by the electric motor
52. It 1s noted that 1n this example the engine 20 and the
clectric motor 52 are configured such that a maximum value
of the power mput from the engine 20 1s greater than a

maximum value of the power mput from the electric motor
52.

Max Hvdraulics, Discharging

Speeds (rpm)  Torque (Nm) Power (kW)

Drivetrain Requesting Max Engine Speed

Motor (Sun) 454 456 21.7
Engine (Carrier) 1,500 -2.,047 -321.6
Pump (Ring) 1,800 1,591 299.9

Drivetrain Requesting Low Engine Speed

Motor (Sun) —-893 456 -42.6
Engine (Carrier) 1,200 -2,047 -257.3
Pump (Ring) 1,800 1,591 299.9

Drivetrain Requesting Idle Engine Speed

Motor (Sun) —2,688 456 -128.4
Engine (Carrier) 800 -2,047 -171.5
Pump (Ring) 1,800 1,591 299.9

Methods of Operation
One method of operation of the work machine 10 may
include steps of:
(a) providing a first power input 64 to a planetary gear set
54 with the engine 20; and
(b) providing a second power input 66 to the planetary
gear set 54 with the electric motor 52; and
(¢) summing the first power mput 64 and the second
power mput 66 with the planetary gear set 54 and
providing a power output 68 from the planetary gear set
54 to the hydraulic pump 48.
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The method may further include controlling a pump speed
of the hydraulic pump 48 by controlling a motor speed of the
clectric motor 52. The controlling step may be performed
with the automatic controller 92.

The method may further include:

generating electric power with the electrical generator 72
driven by the drive train 36; and

providing the electric power from the electrical generator
72 to the electric motor 52.

The method may further include providing electric power
to the electric motor 52 from the battery 76 carried by the
work machine 10.

Thus, 1t 1s seen that the apparatus and methods of the
present disclosure readily achieve the ends and advantages
mentioned as well as those inherent therein. While certain
preferred embodiments of the disclosure have been 1illus-
trated and described for present purposes, numerous changes
in the arrangement and construction of parts and steps may
be made by those skilled in the art, which changes are
encompassed within the scope and spirit of the present
disclosure as defined by the appended claims. Each dis-
closed feature or embodiment may be combined with any of
the other disclosed features or embodiments.

What 1s claimed 1s:

1. A work machine, comprising:

an engine;

a primary working unit;

a drive train configured to transmit power from the engine
to the primary working unit;

at least one hydraulically powered auxiliary working unait;

a hydraulic pump configured to power the at least one
hydraulically powered auxiliary working unit;

an electric motor; and

a planetary gearset including a first power input connected
to the engine, a second power input connected to the
clectric motor, and a power output connected to the
hydraulic pump.

2. The work machine of claim 1, wherein:

the planetary gearset 1s configured to sum the first power
input from the engine and the second power iput from
the electric motor to drive the hydraulic pump so that
a pump speed of the hydraulic pump can be controlled
by controlling a motor speed of the electric motor.

3. The work machine of claim 1, further comprising:

a controller configured to control a pump speed of the
hydraulic pump by controlling a motor speed of the
clectric motor.

4. The work machine of claim 1, further comprising:

an electrical power generator operably connected to the
drive train and configured to generate electrical power;
and

wherein the electric motor 1s connected to the electrical
power generator for receiving electrical power from the
clectrical power generator.

5. The work machine of claim 4, wherein:

the drive train includes a transmission configured to
transmit power from the engine to the primary working
umt at multiple transmission ratios; and

the electrical power generator 1s driven from the trans-
mission.

6. The work machine of claim 5, further comprising:

a controller configured to control a pump speed of the
hydraulic pump by controlling a motor speed of the
clectric motor, wherein the controller 1s a part of a
transmission control unit of the transmission.

7. The work machine of claim 1, further comprising:

a battery; and
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wherein the electric motor 1s connected to the battery for
receiving e¢lectrical power from the battery.

8. The work machine of claim 7, further comprising;:

a DC to AC 1nverter connecting the battery to the electric
motor.

9. The work machine of claim 7, further comprising;:

a controller configured to control a pump speed of the
hydraulic pump by controlling a motor speed of the
clectric motor.

10. The work machine of claim 1, further comprising;

a machine frame:

a plurality of ground engaging units supporting the
machine frame from a ground surface, wherein the
primary working unit includes one or more of the
ground engaging units;

wherein the engine 1s supported from the machine frame;
and

wherein the drive train 1s configured to transmit power
from the engine to the one or more of the ground
engaging units to propel the work machine over the
ground surface.

11. The work machine of claim 10, wherein:

the drive train includes a transmission, the transmission
being configured to transmit power from the engine to
the one or more of the ground engaging units.

12. The work machine of claim 11, further comprising:

the transmission 1s an electronic infinitely variable trans-
mission.

13. The work machine of claim 11, the work machine

being a wheeled loader wherein:

the hydraulically powered auxiliary working unit includes
a lifting arm of the wheeled loader.

14. The work machine of claim 1, wherein the planetary

gearset includes:

a sun gear, the electric motor being connected to the sun
gear to define the second power nput;

a plurality of planet gears connected to a carrier, the planet
gears engaging the sun gear and movable about the sun
gear, the engine being connected to the carrier to define
the first power input; and

a ring gear surrounding the planet gears and engaging the
planet gears, the ring gear being connected to the
hydraulic pump to define the power output.

15. The work machine of claim 1, wherein:

the engine and the electric motor are configured such that
a maximum value of the first power input from the
engine 1s greater than a maximum value of the second
power mput from the electric motor.

16. A method of operating a work machine, the work
machine including an engine, a primary working unit, a
drive train configured to transmit power from the engine to
the primary working unit, at least one hydraulically powered
auxiliary working umt, a hydraulic pump configured to
power the at least one hydraulically powered auxiliary
working unit, and an electric motor, the method comprising
steps of:

providing a first power 1input to a planetary gear set with
the engine;

providing a second power mput to the planetary gear set
with the electric motor; and

summing the first power mput and the second power input
with the planetary gear set and providing a power
output from the planetary gear set to the hydraulic
pump.

17. The method of claim 16, further comprising:

controlling a pump speed of the hydraulic pump by
controlling a motor speed of the electric motor.
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18. The method of claim 17, wherein:
the controlling step 1s performed by an automatic con-

troller.
19. The method of claim 16, further comprising;
generating electric power with an electrical generator 5

driven by the drive train; and
providing the electric power from the electrical generator

to the electric motor.
20. The method of claim 16, further comprising:
providing electric power to the electric motor from a 10

battery carried by the work machine.
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